Abstract-A novel pulse morphology-based approach for estimation of blood pressure from non-invasive oscillometric blood pressure measurement is presented. Quantitative measures that describe the pulse morphology are utilized to obtain the estimates of mean arterial, systolic, and diastolic pressures. Preliminary results obtained from a small set of measurements are used to demonstrate the feasibility of the proposed approach. The estimates obtained through pulse morphology-based approach is compared with those obtained from a commercial blood pressure device.
INTRODUCTION
Blood pressure (BP) is recognized as one of the vital signs and is widely used to monitor the physiological condition of human beings along with other vital signs such as heart rate, breathing rate and temperature. Of the various methods available for blood pressure measurement, the oscillometric method appears to be one of the most popular methods [1] . In this method, cuff is placed around the arm or the wrist and is slowly deflated from an initial pressure higher than the systolic value; a transducer is connected to the cuff and it senses the pressure inside the cuff. A waveform which is known as oscillometric waveform can be extracted from decreasing pressure curve which is produced by the pressure transducer in the cuff. As the occluding cuff is slowly released, oscillation pulses will appear on the cuff deflation waveform [2] (Fig. 1) . Moreover, as the cuff is deflated, the characteristics of the pulses change, and these changes could contain important information about the blood pressure. This paper demonstrates that blood pressure estimates can be obtained through quantitative measures that describe these pulses.
Pulses in the oscillometric waveform generally show two distinct peaks: an early systolic peak related to the forward pressure wave and a diastolic peak related to the reflected pressure wave. Any change in the cardiovascular system would affect the paths of the forward and reflected pressure waves and in turn changes the characteristics of the pulses. This information is reflected in the morphology of the pulse over the span of a single cardiac cycle [2] ; thus by studying the pulse morphology, one can obtain useful health information about the cardiovascular system. Morphology of the pulse has been identified as a candidate tool to predict some cardiovascular diseases such as heart attack, or heart failure [4] as there are characteristic changes in the pulse with aging, atherosclerosis, and hypertension due to the increase of stiffness of large arteries. Even though there has been a proliferation of oscillometric devices in the market, the algorithms used for estimation of the pressures are still proprietary and only a few algorithms have appeared in the literature. The Maximum Amplitude Algorithm (MAA) is the most commonly mentioned algorithm in the literature. MAA uses the maximum peak of the envelop of the oscillometric waveform and linearly relates it to the systolic and diastolic pressures using empirically obtained ratios [1, 3] . The choice of ratio is mostly data driven. Also, algorithms such as MAA do not capture the relationship between the estimates and the signal characteristics. A review of the various algorithms used for estimating the blood pressure from oscillometric waveforms, palpation or auscultation is available in [1] . Pulse morphology has been studied in [3] [4] [5] [6] [7] [8] Our preliminary study has demonstrated the feasibility of using oscillometric pulse morphology for estimating blood pressure from non-invasive oscillometric measurements. Unlike MAA approach, the proposed approach uses the pulse morphology of every detected pulse. As MAA uses the envelope information, the local variations of the pulse characteristics is not considered in the algorithm. The proposed approach may be able to provide more measures that may be of diagnostic value than MAA. Advanced signal processing techniques such as fusion of estimates are being developed to make the estimation robust and to obtain more insight into the characteristics of the oscillometric pulses. 
